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Nowhere is it truer that cleanliness is next
to godliness than in the semiconductor
manufacturing industry. Each semiconduc-
tor wafer contains hundreds of computer
chips and millions ofelectronic circuits that
can be ruined by microscopic particles or
films of contamination. However, the sol-
vents used to remove the contamination
pose a health threat to workers and result in
hazardous waste. The economic and envi-
ronmental impacts ofsolvents are also great
because the cleaners require expensive
equipment and large quantities of water to
manage safely. A new process developed by
Radiance Services Company of Bethesda,
Maryland, uses lasers instead of solvents to
provide a safer, cleaner way to clean.
The Solvent System
Almost all semiconductor cleaning is based
on a 40-year-old technique developed by
RCA known as the RCA standard clean
(RCA SC). The RCA SC process is essen-
tially a series ofbaths ofacids and bases into
which four-, six-, or eight-inch-diameter
wafers are plunged. The RCA SC-1 process
uses ammonium hydroxide, hydrogen per-
oxide, and water, followed by a deionized
water rinse, to remove particles and organic
thin films. Trace metallic particles are
removed by the RCA SC-2 process, which
uses hydrochloric acid, hydrogen peroxide,
and water, then a deionized water rinse. In
addition, liquid or vapor-phase hydrofluoric
acid is used to remove native oxide and
metallic contaminants.
With these and many other toxic chemi-
cals being an intrinsic part of the manufac-
turing process, the semiconductor industry
has gone to great lengths to protect occupa-
tional health, logging an injury/illness rate
that is more than three times lower than the
average rate for manufacturing of 13.5 per
100 workers. However, some health prob-
lems are not fully understood. A higher-
than-normal rate ofmiscarriages at a manu-
Now you see it ... A new process uses lasers to remove a 6.0-7.0 micron methanol streak from an X-ray
photomask.
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facturing site in Massachusetts led to the
industry-wide Semiconductor Health
Study, which confirmed that solvents such
as the glycol ethers used in photolithogra-
phy could be the cause. As a result, glycol
ether has been largely eliminated from the
cleaning process. Still, controlling all
chemical hazards and determining safe
human exposure levels have remained chal-
lenges because ofrapidly changing technol-
ogy and the constant introduction of new
processes and chemicals. Most available
data indicate that measured airborne con-
centrations of fabrication room chemicals
are generally below legally permissible lim-
its, but unrecognized and unmeasured
exposures may occur during maintenance
or accidents. In addition, potential health
effects of chronic low-level exposures and
synergistic effects of multiple exposures
have not been fully characterized.
Environmental and economic impacts
associated with solvents are also of con-
cern. Each manufacturing plant requires
millions ofgallons offresh water per day-
approximately 2,000 gallons to clean each
200-mm wafer. In the arid U.S. West,
where much of the manufacturing takes
place, this is an especially acute problem.
Water is being used to dilute the solvents,
which lowers the health risk, but increases
water consumption. In addition, the final
cleaning of wafers requires ultra-pure
deionized water, which must be converted
from fresh water at the rate of 1.4 gallons
for every 1 gallon of deionized water pro-
duced. Chemicals such as hydrochloric
acid and sodium
hydroxide are used Laser
in the deionizing i i process. Inertgasflow
It becomes very
expensive to buy the
water and deioni-
zation equipment, ' Subs
pay for hazardous
waste handling,
recycling, or disposal equipment, and then
dispose ofthe waste. For example, the cost
ofdisposing of 100,000 gallons offluoride-
contaminated water can be as high as
$450,000. The capital costs associated with
these processes are estimated to constitute
10-20% of the capital required to build a
semiconductor fabrication plant at the
going rate of$2 billion.
In addition, the Semiconductor
Industry Association (SIA), located in San
Jose, California, which represents the $150
billion per year industry, has a plan called
the SIA Roadmap for developing smaller,
and hence faster, circuits on computer
chips. Some ofthe barriers to this plan are
an inability to clean small features and an
excessive dependence on chemicals and
water. Current cleaning technologies are
becoming less effective as computer cir-
cuits shrink to below 0.25 microns (p) and
may not be able to support future genera-
tions ofchips.
Bring on the Dry
All ofthese issues surrounding cleaning and
chemical solvents have led the semiconduc-
tor manufacturing industry to look at other
processes, including a recently developed
solvent-free dry cleaning process that uses
lasers and nonreactive gases. "Alternatives
are now starting to sound better to the
industry," says Audrey Engelsberg, vice
president and chief technical officer at
Radiance. "The immediate motivation is
finding a way to reduce the consumption of
water and chemicals. And the industry is
waking up to the fact that there's a wall out
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Quantum cleaning. The
Radiance process uses
lasers, gases, and a princi-
ple of quantum physics to
remove microcontami-
nants.
there and they need to address the size lim-
its and environmental impact of their cur-
rent cleaning technology."
The Radiance cleaning process is based
on the principles of quantum physics
rather than chemistry. Laser light, usually
pulsed from a deep ultraviolet laser, is
applied to the wafer surface in conjunction
with a constantly flowing gas. The attrac-
tion, or bond, that holds contaminants to
the wafer surface is broken by photons of
laser light. The contaminants then rise
within the laser's radiation field. It is a
quantum effect documented but not fully
understood by physicists. As the contami-
nants rise from the wafer, they are carried
away by a gas such as argon or nitrogen
flowing across the surface. The gas is then
filtered to remove the contaminants.
The process has removed particles and
flakes ranging in size from 80 p down to
0.1 p. It has also been demonstrated as a
possible alternative method for removing
the residues left from the use of chemical
mechanical polishing, a widely used
method to smooth wafer surfaces and hard
disks. It has been used to clean silicon,
quartz, metals, chrome-on-quartz pho-
tomasks, hard disks, flat panel display
materials, and plastics-all materials used
in the manufacture of computers and
chips. The cleaning efficiency and
throughput of the process are dependent
upon the wavelength of the laser, output
energy per pulse, repetition rate, pulse
duration, and beam profile. It also depends
on the type ofgas and its rate offlow, and
the type ofcontaminant to be removed.
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This process, like many breakthroughs,
was fortuitous. It occurred in 1987, when
Engelsberg was a doctoral student at
Rensselaer Polytechnic Institute in Troy,
New York. She was trying unsuccessfully
to deposit aluminum lines on a wafer sur-
face with a technique known as laser-assist-
ed chemical vapor deposition. When she
inadvertently removed all carbon contami-
nation-and found she could do so repeat-
edly without any damage to the wafer-
she and a friend, Joseph Dehais, realized
she was on to something. Dehais is now
chairman ofRadiance.
Engelsberg, who once worked for IBM,
knows that skeptics of the Radiance
process wonder about throughput. In other
words, will the new process be able to
cleanwafers as fast as current techniques or
will it become a bottleneck in the high-
speed demands of semiconductor fabrica-
tion? Engelsberg says that a Radiance tool
can be designed that will process an 8-inch
wafer in less than a minute. The number
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of tools required is based on monthly
wafer output and line loading require-
ments. Current processes manufacture
wafers in batches, but the next generation
of wafer is larger in diameter (12 inches)
and will move through the tooling process
one at a time. Most importantly, the new
wafers will be processed by cluster tools
that are sealed and linked together. The
Radiance tool could be easily integrated
into such a cluster, while existing solvent-
based cleaning tools are much more diffi-
cult to integrate into clusters.
Testing, Testing
According to Engelsberg, "This process has
a great potential to cut operating and capi-
tal costs, but engineers are very conserva-
tive. Having a better way of doing some-
thing is not enough. You have to qualify
the technology or no one will believe it."
That qualification effort was begun using a
Radiance cleaning tool built by Exitech
Limited in Oxford, United Kingdom. It
was installed at the Interuniversity
Microelectronics Center in Leuven,
Belgium, in 1995, and modifications such
as a new stainless steel process chamber
and improved laser delivery system were
added. This tool is currently operating at
the Central Microstructure Facility of the
Rutherford Appleton Laboratory in
Chilton, United Kingdom. The European
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Laser show. Radiance's laser cleaning system is ins
at Motorola's Phoenix Corporate Research Laboratory
Engelsberg AC. A dry laser-assisted process for the removal of surface contamination.
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semiconductor industry is beginning to
focus on environmentally friendly cleaning
processes because of ISO 14000, an inter-
national manufacturing standard that
requires "greener" technology.
A second qualification program is
underway at Motorola's Corporate Research
Laboratory in Phoenix, Arizona, using a
tool built by Neuman MicroTechnologies
of Concord, New Hampshire. The work is
a joint project with support from Motorola,
the Microelectronics Research Laboratory of
the Department of Defense, and the EPA.
The tool was funded by an EPA environ-
mental technology initiative grant, which
results from a program announcement by
President Clinton in 1993 intended to pro-
mote innovative environmental
technologies that will protect public
health and the environment while
providing economic opportunities,
l9ff0 particularlyin export sales.
"From what I've seen, [the tool] has
a lot ofpotential to remove organic
and inorganic particles from
3 wafers," says Paul Randall, a chemi-
cal engineer with the EPA's
> National Risk Management
Research Laboratory. Randall
stresses that data are still being col-
lected and that a report is due out
at the end of the year. "Current
cleaning methods don't do as well,
and it's important to get smaller
particles out."
Ron Legge, a senior scientist at
Motorola, is testing the Radiance
tool for its realistic ability to per-
form in a fabrication process. Legge
says, "As the cost of [fabrication]
goes up, the industry is becoming
even more conservative. With so
many processing steps involved in
manufacturing wafers, if we can
replace even one or two steps, it
will have an impact."
;talled Also looking at the tool is Legge's
colleague, Joel Peterson, the envi-
ronmental manager at Motorola's semi-
conductor products division. Peterson's
interest is in reducing the use ofwater and
the high costs associated with it. He says,
"We won't be able to eliminate all the sol-
vents, but we are targeting the [hydrofluo-
ric acid] and particles associated with the
etching process. In addition, we can reduce
the chemicals associated with making
deionized water."
With the semiconductor industry tak-
ing such a conservative approach, Michael
MacCormack, vice president of Radiance,
says, "There is a great race to be second,
first," meaning that many companies are
closely examining the process but want
someone else to actually use it first.
MacCormack believes that, to move for-
ward, "there will be a strategic partnership
formed with a major tool manufacturer
and a chip manufacturer working to solve
specific problems. Laser cleaning is not so
far out from regular process engineering."
In the meantime, Radiance is pursuing
other uses for the technology. The process
is already being used to clean tire molds on
a production scale. Potential uses include
cleaning hard disk recording media and
flat panel display substrates. It may also be
useful in cleaning microelectromechanical
devices. Research projects are also being
carried out on television glass, fuel injec-
tors, brass door knobs, and jet turbine
blades. Many of these industries use sol-
vents that are set to be phased out of use
by the EPA.
Engelsberg says that Radiance plans to
break itself into different sectors for these
markets once revenue begins to flow. As
for anticipating large-scale interest from
the semiconductor industry, Engelsberg
says, "I've always thought this is how
change will happen for us: you're out dig-
ging in the trenches and one day the sky
just falls, [and] everyone want[s] to get in
on the action.
Conard Holton
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